The microwave spectra of CD3CH2CN, 13 CH3CH2CN, CH3 13 CH2CN and CH3CH2C 15 N have been measured. In addition the spectrum of CH3CH2 13 CN has been remeasured with greater accuracy. From these spectra and those previously reported -CH3CH2CN, CH3CD2CN, CH2DCH2CN (sym) and CH2DCH2CN (asym) -a complete rs-structure has been calculated by the equations of Kraitchman and Chutjian. restructure calculations were performed with different assumptions due to the symmetry of the molecule. A comparison between r0-and rs-structure was made and showed good agreement especially for the atoms of the frame.
Ethyl cyanide has been the subject of several investigations in microwave spectroscopy. With the aid of further experimental information it is now possible to determine the restructure of this molecule. Until now only restructures were proposed by Lerner 
Experimental
The spectra were recorded with a conventional microwave spectrometer 5 ' 6 using 100 kHz Stark modulation and employing phase stabilized BWO's as microwave sources. The measurements were carried out with absorption cells cooled to temperatures of approximately -70 °C and sample pressures of several microns.
The samples of the isotopic ethyl cyanides 13 CH3CH2CN, CH3 13 CH2CN, CDgCHoCN were prepared from the corresponding 13 C-substituted ethyl iodides, 13 CH3CH2J and CH3 13 CH2J (both 90% C-13, Sharp & Dohme, München), respectively, and from the deuterated species, CD3CH2J (99% D, Roth, Karlsruhe), by a modified Kolbe-reaction 2 . For the species CH3CH2 13 CN and CH3CH2C 15 N normal ethyl iodide from Merck (Darmstadt) and Na 13 CN (90% C-13, Sharp & Dohme), in the other case KC 15 N (51% N-15, Isocommerz) were used. For Stark effect measurements a digital voltmeter Dymec 2401 B was used to determine the Stark field while recording the lines. The cell was calibrated using the transition J = 1 -> 2 of OCS with /toes = 0.71521 D 7 .
Description of the Spectra
The isotopes of ethyl cyanide are nearly symmetric tops {y.= -0.94 to x= -0.96). Due to the Tables 1-5 . They were measured up to the rotational quantum number 7 = 3. In the spectrum of CH3CH2 13 CN the transitions 7 = 2 -> 3 were reexamined and their hyperfine structure was resolved. Note that the same set of transitions was measured in each case. The same set of rotational transitions up to the quantum num-* £aa» £bb and /Cc are the diagonal elements of the quadrupole coupling tensor with respect to the principal axes of inertia.
ber / = 2 was fitted by a program using the asymmetric rigid rotor model. Thus the distortion effects are negligible and the rotational constants are comparable. The rotational constants of the isotopes together with those determined in Ref. 2 are given in Table 6 .
All spectra except that of CH3CH2C 15 N, Avhich has no nucleus with a quadrupole moment, showed resolvable hyperfine structure due to the interaction of the 14 N-quadrupole moment with the overall rotation. From the hyperfine structure of the lowest transitions up to 7 = 2 the quadrupole coupling constants x+ = -Xaa and X-=Zhh -Zee* of the corresponding isotopes were determined by a least squares analysis.
For the determination of the dipole moments of CH3CH2CN, CD3CH2CN and CH3CD2CN Stark satellites of the transitions 101 -202 , 2n -312 and 202 -303 were used. 
Quadrupole Coupling Constants
The hyperfine structure due to 14 N-quadrupole coupling to overall rotation could be resolved for all low /-lines of the appropriate isotopic molecules. The hyperfine structure was analysed with first order perturbation theory [see, for example, Eq. (9.75), Reference 8 ].
The diagonal elements of the quadrupole coupling tensor, determined from lines up to / = 2 are listed in Table 7 . Since the molecule has Cssymmetry the only non-zero off-diagonal tensor element is ;fab . The quadrupole coupling tensor is assumed to be invariant with isotopic substitution. By rotating the principal inertial axis system with isotopic substitution and combining the diagonal elements Xgcr of two molecules, the off-diagonal element Zab may be calculated. We used the two isotopic molecules CD3CH2CN and CH3CD2CN. In this case d Calculated with the quadrupole coupling constants of Table 7 .
the angle of rotation £ between the principal axis systems is the largest of all pairs of measured isotopes. The angle of rotation £ and its error are found to be 3.21 i 0.20°. These were determined from the restructure and its uncertainties. However no account was taken for the error in the determination of the principal axes of the two isotopic molecules assumed to have the same restructure. An ^-structure does not necessarily give zero inertial products. The details of the further calculation are given elsewhere 9 . The results are shown in Table 7 .
It was possible to determine the principal axis elements Xzz •> Zxx an d Xyy of the coupling tensor. The z-axis of the coupling tensor defines with the a-inertial axis an angle org. This angle agrees within the error limits with as, the angle between the C -N-bond and the a-inertial axis. The agreement would be better if CCN were assumed to be 180°. Footnotes see Table 1 . The field gradient asymmetry r\ points out a cylindrical symmetry. These results agree with those of Li and Harmony 4 , who analysed the hyperfine structure of normal ethyl cyanide, although they assumed implicitely that the C -N-bond is collinear with the z-principal axis of the quadrupole coupling tensor.
Structure
For the determination of the structure the substitution method proposed by Kraitchman 10 [formula (23)] and Costain 11 was employed using CH 3 CHoCN as parent molecule and the assumption of Cs-symmetry.
The determination of the H (methylene) position was based on Chutjian's 12 method using the rotational constants of CH3CH2CN and CH3CD2CN. The b-coordinate of H (methyl -in plane) was calculated by the center of mass condition.
In Table 8 the moments of inertia of all measured isotopic molecules of ethyl cyanide are listed, as well as the quantity 7C -7a -7i" which should change only slightly with a substitution of an atom in the a-b-plane. However a remarkable change can be noticed in the case of CH2DCH2CN (sym), which may be explained by a change in the ground vibrational state of the deuterium relative to the hydrogen atom.
For the coordinates of the atoms in the a-b-plane different values could be calculated either by making use of the complete set of the three _47's or by taking two J7's, having eliminated one by the equation Table 9 bond distances and angles are given with respect to the sets of ATs used. The spread of the data in Table 9 reflects the methodical errors of the substitution method. These In comparison with propane and the ethyl halides ethyl cyanide may be placed between propane and ethyl fluoride as given in Table 12 a. Furthermore a good agreement with the structure of other nitriles is observed (see Table 12 b). The r0-structure calculations were made by a least squares analysis including all rotational constants weighted by their standard errors as listed in Table 6 . Mäder et al. 2 derived nine structural parameters using 21 rotational constants and assuming that the molecule has Cs-symmetry, the methyl group C3v-symmetry and that the angle CCN equals 180°. We tried several extended restructure calculations for comparison with the restructure and for studying the influence of the above assumptions. The different calculations are described in Table 13 .
The first was made using the same assumption as in the restructure calculation. A good agreement in the bond distances and angles of the frame atoms and the asymmetry of the methyl group may be seen.
Further restructure calculations (see Table 13 , column 2 -5) with additional assumptions reducing the number of adjustable parameters resulted in a c Angle between CN-bond and a-axis.
worse fit and/or a large discrepancy of the structural parameters of the frame atoms relative to revalues.
In calculation 5 the tilt angle definition equals implicitely that mentioned above in the restructure discussion using C3v-symmetry of the methyl group.
Finally the last column of Table 11 shows the results calculated by a program developed by Nös-berger 13 . With this program it is possible to fit internal structural parameters directly to differences of moments of inertia. The experimental information was equivalent to that used for the restructure given in column 1.
Dipole Moment
The frequencies of the Stark satellites of the tran- is along the solid arrow, the jub component of CH3CD2CN should be smaller than that of CD3CH2CN, as the angle between C -N-bond and a-inertiae-axis is larger for CD3CH2CN.
